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(54) THERMAL DISPLACEMENT CORRECTING DEVICE OF MACHINE TOOL 

(57)Abstract: 

PURPOSE: To make possible rate machining by making a 
plurality of sorts of correction data tables in which temperature 
difference and correction data under each sort of machining 
condition are correspondingly stored, and deciding the 
correction data based on the correction data table read out 
according to the machining condition. 

CONSTITUTION: In a device in which a control signal based on 
machining data made by a data processing device 5 is input to a 
NC device 2 through a sequencer 3, and a planer-type 
machining center 1 is drivingly controlled by means of the NC 
device 2, a pair of temperature detecting sensors 4A, 4B are 
provided, which detect temperature on mutually different two 
points as the reason of thermal displacement of the machining 
center. A plurality of sorts of correction data tables in which 
correction data correcting thermal displacement corresponding 
to temperature difference of two part positions under every 
each different machining condition is stored, are prepared. The 
correction data corresponding to the temperature difference of 
two part positions is read out based on the correction data 

table read according to the machining condition among these tables, and utilized for thermal 
displacement correction of the machine tool. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The temperature detection means of the pair which detects the temperature of the part where the 
inclination of the time course of the amount of displacement of a main shaft location and the inclination of 
the time course of a temperature change become the equal, and the temperature of a part with few 
temperature changes, the heat corresponding to the temperature gradient of two parts detected with the 
temperature detection means of said pair for every processing conditions various [ different ] — with two or 
more sorts of amendment data tables which memorized the amendment data which amend a variation rate 
The amendment data table corresponding to actual processing conditions is read out of two or more sorts of 
these amendment data tables. The amendment data selection means which reads the amendment data 
corresponding to the temperature gradient of two parts detected with said temperature detection means out 
of the amendment data table, a radical [ data / which were read by this amendment data selection means / 
amendment ] — the heat of a machine tool — having provided an amendment activation means to amend a 
variation rate — the description — smoothly — the heat of a machine tool — a variation rate ~ a compensator. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the heat displacement compensator of a machine tool, 
every processing conditions which change in detail by the existence of a coolant, the posture of a main shaft 
to be used — the optimal heat — a variation rate — the heat of the machine tool which can choose amendment 
data — a variation rate — it is related with a compensator. 
[0002] 

[Background of the Invention] the heat of the former and a machine tool — a variation rate — the heat of "NC 
machine tool indicated by ** JP,56-27126,B as a compensator ~ a variation rate — the heat of "machine tool 
indicated by compensator" and ** JP,5 1-73681, A a variation rate - the heat of "machine tool indicated by 
compensator" and ** JP,5 1-90083, A — a variation rate - compensator" etc. is known. 
[0003] first, the heat of the NC machine tool of ** — a variation rate — the heat which produces a 
compensator beforehand corresponding to the number or processing duration of processing ~ the correction 
value corresponding to [ when measuring the correction value which can amend a variation rate, storing it in 
external storage and actually processing a work piece ] the number or processing duration of processing out 
of external storage — reading — the correction value — heat — it is the configuration which amended the 
variation rate. 

[0004] moreover, the heat of the machine tool of ** - a variation rate - the heat which produces a 
compensator in each phase for every phase of a temperature change — the correction value corresponding to 
[ when memorizing the correction value which can negate a variation rate and actually processing a work 
piece, detect the temperature of a machine tool, and ] the detection temperature — reading — the correction 
value — heat — it is the configuration which amended the variation rate. 

[0005] the last — the heat of the machine tool of ** a variation rate - the heat which produces a 
compensator at each of that temperature for every suitable temperature spacing of a temperature change, 
when memorizing the correction value which can negate a variation rate and actually processing a work 
piece the correction value corresponding to [ detect the temperature of a machine tool, read the correction 
value corresponding to two temperature nearest to that detection temperature, and ] detection temperature by 
these two correction value and temperature spacing to proportion — computing — this correction value — 
heat — it is the configuration which amended the variation rate. 
[0006] 

[Problem(s) to be Solved by the Invention] however, the heat mentioned above « a variation rate ~ since it 
only makes memorize and orders one correction value, it comes out and a compensator has each 
corresponding to each temperature of the number of processing, or a machine tool — the bottom of a certain 
certain processing conditions — heat — though effect by the variation rate is lessened and process tolerance 
can be secured, when processing conditions change, there is a problem that predetermined process tolerance 
is not securable. if processing conditions change with the existence of a coolant, the posture (a 
perpendicular/horizontal) of the main shaft to be used, the deduction include angle of an attachment, etc. — 
the heat in a certain temperature — a variation rate — the conventional heat which had determined correction 
value uniquely corresponding to the number and the temperature of processing in order for an amount to 
also change - a variation rate — by the amendment approach, there is a problem that where of processing 
under [ various ] processing conditions cannot be secured with high precision. 

[0007] the heat of the machine tool which the purpose of this invention solves such a conventional technical 
problem here, and can secure highly precise processing also under various different processing conditions ~ 
a variation rate — it is in offering a compensator. 
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[0008] 

[Means for Solving the Problem] therefore, the heat of the machine tool of this invention — a variation rate - 
- a compensator is equipped with the next configuration in order to solve the conventional technical 
problem. That is, the temperature detection means of the pair which detects the temperature of the part 
where the inclination of the time course of the amount of displacement of a main shaft location and the 
inclination of the time course of a temperature change become the equal, and the temperature of a part with 
few temperature changes, the heat corresponding to the temperature gradient of two parts detected with the 
temperature detection means of said pair for every processing conditions various [ different ] — with two or 
more sorts of amendment data tables which memorized the amendment data which amend a variation rate 
The amendment data table corresponding to actual processing conditions is read out of two or more sorts of 
these amendment data tables, a radical [ data / which were read by the amendment data selection means 
which reads the amendment data corresponding to the temperature gradient of two parts detected with said 
temperature detection means out of that amendment data table, and this amendment data selection means / 
amendment ] — the heat of a machine tool — it has an amendment activation means to amend a variation 
rate. 
[0009] 

[Function] Beforehand, two or more sorts of amendment data tables are created for every processing 
conditions of various kinds of. for example, the bottom of the processing condition of the various kinds 
which changed such combination when there was nothing with the case where there is a coolant and the 
posture of the main shaft to be used was level, and when perpendicular — setting — the temperature detection 
means of a pair — the heat of a machine tool — the temperature of two different parts leading to a variation 
rate is detected. Specifically, the temperature of the part where the inclination of the time course of the 
amount of displacement of a main shaft location and the inclination of the time course of a temperature 
change become the equal, and the temperature of a part with few temperature changes are detected, and the 
heat produced in the temperature gradient of both temperature the amendment data which amend a 
variation rate are made to memorize for every processing conditions corresponding to each temperature 
gradient a radical [ data / the / when actually processing a work piece, after the amendment data table 
corresponding to actual processing conditions was read out of two or more sorts of amendment data tables 
and the amendment data corresponding to the temperature gradient of two parts detected with a temperature 
detection means were read out of the amendment data table / amendment ] — the heat of a machine tool — a 
variation rate --**-- it is amended automatically. Therefore, highly precise processing can be secured also 
under various different processing conditions. 
[0010] 

[Example] Hereafter, one example of this invention is explained, referring to a drawing. Drawing 1 is the 
block diagram showing the processing system which applied the heat displacement compensator of this 
invention. The portal machining center 1 this processing system of whose is a machine tool (fifth page 
processing machine), two mutually different points from NC unit 2 which serves as an amendment 
activation means, and a sequencer 3 — the heat of the portal machining center 1 — with the temperature 
detection sensors 4A and 4B of the pair as a temperature detection means which detects the temperature 
leading to a variation rate It asks for amendment data, the heat optimal from the detection temperature data 
detected by the temperature detection sensors 4A and 4B of this pair, processing conditions, etc. — a 
variation rate ~ It consists of a data processor 5 which consists of a personal computer which gives it to said 
NC unit 2 through said sequencer 3 with a fixed time interval, and a printer 6 which prints the amendment 
data called for with this data processor 5. 

[001 1] The table 12 prepared free [ migration to a cross direction (X-axis) ] on the base 1 1 as said portal 
machining center 1 showed a detail to drawing 2 R> 2, The columns 13A and 13B of the pair set up by the 
both sides which sandwiched this table 12, The cross rail 14 formed in the vertical direction free [ rise and 
fall ] between column 13A of these both sides, and 13B, The spindle head 15 prepared free [ migration ] 
along with the longitudinal direction (Y-axis) of this cross rail 14, The ram 16 which has the perpendicular 
main shaft (illustration abbreviation) which is established in the vertical direction (Z-axis) free [ rise and 
fall ] at this spindle head 15, and can rotate freely inside, It consists of attachments 18 which are attached in 
the lower limit of this ram 16 free [ attachment and detachment ], and have the inside level attachment main 
shaft 17. The balance cylinders 19A and 19B for making the load applied to the columns 13A and 13B of 
the both sides of a cross rail 14 according to Y shaft-orientations location of a spindle head 15 balance are 
formed in said each columns 13A and 13B, respectively. 

[0012] 1st temperature detection sensor 4A detects the temperature of the part where the inclination of the 
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time course of the amount of displacement of a machine main shaft location and the inclination of the time 
course of a temperature change become the equal as the 1 st point-of-measurement temperature among the 
temperature detection sensors 4A and 4B of said pair. Here, the temperature of the lower limit section of the 
ram 16 near the perpendicular main shaft is incorporated as the 1st point-of-measurement temperature. 
Moreover, 2nd temperature detection sensor 4B detects the temperature of the lower limit section of column 
13A as the 2nd point-of-measurement temperature the part with few temperature changes of the portal 
machining center 1 , and here. These 1 st and 2nd point-of-measurement temperature data are incorporated by 
the data processor 5 for every predetermined time. 

[0013] Said data processor 5 contains the hard disk 52 which memorizes CPU51, a processing program, 
amendment data, etc., a keyboard 54, DISUPUI 55, two I/O 56 and 57, etc. CPU41 constitutes the 
amendment data selection means of this example here. Said sequencer 3 is connected to said 1/056, and the 
temperature detection sensors 4A and 4B of said pair are connected to said 1/057, respectively. Moreover, 
two or more sorts of amendment data tables TBI, TB2, TB3, TB4, and TBS under [ various / which is 
different as shown in said hard disk 52 at drawing 3 ] processing conditions .... TBn It memorizes. The 
posture of nothing (dry) and a use main shaft about the processing work piece A For example, a horizontal, 
[ a coolant ] The amendment data table TB 1 under the processing conditions whose AAI include angle 
(attachment deduction include angle) is 0 degree About the processing work piece A, the posture of ** (wet) 
and a use main shaft A horizontal, [ a coolant ] About the amendment data table TB 2 under the processing 
conditions whose AAI include angle is 0 degree, and the processing work piece A Amendment data table 
TB4 .... under the processing conditions that the posture of ** (wet) and a use main shaft has a perpendicular 
coolant etc. is memorized, respectively about the amendment data table TB 3 under the processing 
conditions that the posture of nothing (dry) and a use main shaft has a perpendicular coolant, and the 
processing work piece A. 

[0014] Here, they are the amendment data tables TBI, TB2, TB3, TB4, and TB5.... TBn Creation is 
performed by the following approach. First, it is equivalent to a processing program including a target 
processing work piece, target processing conditions, etc., and the program for measurement which can 
detect the variation rate of the location of a main shaft is created. Here, after setting a measuring instrument 
so that the variation rate of X, Y, and Z shaft orientations can be detected about a perpendicular main shaft 
and a level main shaft, the program for measurement is operated, and the temperature change at that time 
and the variation rate of each point of measurement are measured and recorded. From this measurement 
result, a graph as shown in drawing 4 is created. Based on the data of up to 1 of the temperature-gradient 
(1st point-of-measurement temperature-2nd point-of-measurement temperature) curve of this graph crest, 
the amendment data at the time of temperature descent are determined about each of X, Y, and the Z-axis at 
the time of a temperature rise. For example, the amendment data at the time of the temperature rise of 12 
degrees C of temperature gradients determine -25micro and the amendment data at the time of temperature 
descent like -37micro. They are various kinds of amendment data tables TBI, TB2, TB3, TB4, and TB5 by 
performing this according to various kinds of processing conditions, respectively, and inputting the 
amendment data into a data processor 5.... TBn It can create. 

[0015] Said each amendment data tables TBI, TB2, TB3, TB4, and TBS .... TBn Data are divided into the 
header unit HP of the 1st line, and data-division DP of the 2nd less than line so that it may illustrate to 
drawing^ . As the contents of said header unit HP are shown in drawing 6 , from the left to the maximum 
temperature gradient (degree C) An amendment step temperature (degree-C) perpendicular X stem 
correction shift amount (mu), a perpendicular Y stem correction shift amount (mu), It consists of 
perpendicular Z stem correction shift-amount (mu), level X stem correction shift-amount (mu), level Y stem 
correction shift-amount (mu), level Z stem correction shift-amount (mu), and amendment shift decision 
maximum-temperature (degree-C) amendment shift decision minimum temperature (degree C). Here, with 
an amendment shift amount, when the crest of a temperature-gradient curve appears twice or more, and it is 
necessary to correct the amendment data of 2 crest henceforth, it uses. Like drawing 8 , when you expect the 
result of amendment by the data of eye one crest of a temperature-gradient curve, specifically, let the 
amount of inequalities of eye two crests be an amendment shift amount. As the contents of said data- 
division DP are shown in drawin g 7 , from the left to a temperature gradient (degree C) The amount (mu) of 
perpendicular X-axis temperature rise side amendments, the amount of perpendicular Y-axis temperature 
rise side amendments (mu), The amount (mu) of perpendicular Z-axis temperature rise side amendments, the 
amount of perpendicular X-axis temperature descent side amendments (mu), The amount (mu) of 
perpendicular Y-axis temperature descent side amendments, the amount of perpendicular Z-axis temperature 
descent side amendments (mu), It consists of the amount (mu) of level X-axis temperature rise side 



http ://www4 . ipdl . ncipi . go . j p/cgi -bin/tran_web_cgi_ej j e 



1/27/2006 



JP,06-226590,A [DETAILED DESCRIPTION] 



Page 4 of 5 



amendments, the amount (mu) of level Y-axis temperature rise side amendments, the amount (mu) of level 
Z-axis temperature rise side amendments, the amount (mu) of level X-axis temperature descent side 
amendments, the amount (mu) of level Y-axis temperature descent side amendments, and the amount (mu) 
of level Z-axis temperature descent side amendments. 

[0016] Next, an operation of this example is explained. If a processing work piece is carried in on a table 12, 
the class of the processing work piece will be distinguished and it will be inputted into a hard disk 52. If the 
portal machining center 1 is operated after it according to the processing program corresponding to the 
carried-in work piece, the existence of a coolant, the posture of a use main shaft, an AAI include angle, etc. 
will be automatically distinguished by the various codes of the processing program. Then, various kinds of 
amendment data tables TBI, TB2, TB3, TB4, and TBS memorized by the hard disk 52 .... TBn The 
amendment data table corresponding to these processing conditions is read from inside. 
[0017] Moreover, if the detection temperature data from the temperature detection sensors 4A and 4B of a 
pair are incorporated by CPU51 through 1/057, CPU51 will compute the temperature gradient (the 1st point- 
of-measurement temperature-2nd point-of-measurement temperature) of these two temperature, and will 
choose the amendment data corresponding to a temperature gradient from the amendment data tables read 
corresponding to said processing conditions. At this time, it distinguishes whether it is this temperature 
gradient at the temperature rise time, or it is at the temperature downward time based on the temperature 
gradient computed last time, and the amendment data according to that distinction result are chosen as it. If 
selected amendment data are given to NC unit 2 through a sequencer 3 after this, NC unit 2 will shift a 
machine origin-of-coordinates location by amendment data, and will move a machine. Thereby, heat 
displacement is amended automatically. 

[0018] Therefore, two or more sorts of amendment data tables TBI, TB2, TB3, TB4, and TB5 to which a 
temperature gradient of two points which is different under [ different various ] a processing condition 
according to this example, and amendment data were made equivalent .... TBn It creates. Make this 
memorize in a hard disk 52, and the amendment data table which was in agreement with the processing 
conditions at the time of actually processing a work piece is read. Since the amendment data corresponding 
to a temperature gradient are chosen from these amendment data tables and the machine origin-of- 
coordinates location was amended based on that amendment data, high precision processing can be secured 
also under [ various ] processing conditions. 

[0019] the optimal heat which took into consideration various kinds of processing conditions since the 
amendment data tables under various kinds of processing conditions including the posture (perpendicular/— 
level) and AAI include angle of the classification of a processing work piece, the existence (a sentiment/dry 
cleaning) of a coolant, and a use main shaft were created especially — a variation rate — it can amend, and — 
since it enables it to have chosen amendment data which distinguish whether it is a temperature gradient at 
the rise time, or it is at the downward time, and are different according to the distinction result - finer heat - 
- a variation rate — it can amend. Moreover, a personal computer constitutes a data processor 5 and they are 
the amendment data tables TBI, TB2, TB3, TB4, and TBS to it.... TBn Post-installation is also possible 
when it can do cheaply, since it was made to make it memorize. 

[0020] In addition, this invention includes not only the configuration stated in the above-mentioned example 
but the following modification. At the above-mentioned example, they are the amendment data tables TB1- 
TBn for every processing conditions. In creating, it was set as the amendment data table by using an AAI 
include angle as a processing condition element, but you may make it ask by count about the amendment 
data based on an AAI include angle. For example, amendment data in case an AAI include angle is 0 degree 
are beforehand memorized to the amendment data table, and you may make it ask the bottom of a certain 
processing condition for the amendment data of amendment shaft orientations by count with an actual AAI 
include angle on the basis of this. 

[0021] Moreover, although the posture (the perpendicular/horizontal) and AAI include angle of the 
classification of a processing work piece, the existence (a sentiment/dry cleaning) of a coolant, and a use 
main shaft were mentioned in the above-mentioned example as an element which determines processing 
conditions, except this is sufficient as long as it is the element into which processing conditions are changed. 
Moreover, although 2nd temperature detection sensor 4B detected the temperature of the lower limit section 
of column 13A as the 2nd point-of-measurement temperature among the temperature detection sensors 4A 
and 4B of a pair, you may make it detect not only the part of a machining center 1 but its ambient 
temperature in the above-mentioned example. Moreover, a separate temperature sensor is attached in each 
main shaft, it doubles with the main shaft then used, and you may make it choose as arbitration the 
combination of the temperature sensor which becomes a pair in the case of the machine which has two or 
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more processing heads. 
[0022] 

[Effect of the Invention] the above passage — the heat of the machine tool of this invention » a variation rate 
— since two or more sorts of amendment data tables which carried out the correspondence storage of a 
temperature gradient and the amendment data prepare for different various bottoms of a processing 
condition, the amendment data table corresponding to processing conditions reads out of these and the 
amendment data corresponding to a detection temperature gradient have chosen from these amendment data 
tables, according to the compensator, processing highly precise also under [ various ] processing conditions 
can secure. 

[Translation done.] 
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[Drawing 2] 
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(4, J-tb, *DXcofli|gc*fc(4AnX^^{c:*i-^L-C^ 

^•35l51icilgC04 J ^«bJflX<7)e^C*fc»4APX^B# 

[0 0 0 4] ©<7)X^«co^{4fflX^|®(±. 

i&^mit(D^mm^t ic. &mmx'±tzm&iiL*ftt> 
ra*51«iE<i:£fEt§L-t*3#, ^^[7-^Sripxi- 5. 
t# t x««co?a;£&&ttiu ^w^tts^ast-^i- 40 

[0 0 0 5] ®<OX^«(Of?ft^iffiE^g 

t*. ©^^bwi&^fa^fiiri:^ ^co=§-?af£-c-±.c 

-^£APXl-5i:#, X^^WfiS^^tUU. ^rW& 

U w0 2o<7)ffiXfii < !:?aitF a 1Pit A^tt^JltSfCj; »9 
^miaaic^-r^ffiiEffiSr^tUL, rwttUEMKJ:*) 
m^GLZWilE-rz L^fijcT-foSo so 



[0 0 0 6] 

^ffiWX^Stt, ^Tn<b*PX<7>ei5c^x^«(0«-ra 
mz.Mfcl,xmz. 1 o<75«X{i£IEtg£*fcOT^-C-fc5 
Tl^s fc5-^ro*PX*f*TT'l4^{5:tcJ;5^#^'> 
fc< L-r*PX*SlS?r{«:P$-C^5i Ltfc. APX^t^^ 

-CflPX^tt^frSi, fcS?aST*(75flR^{iifa:t^fc>S 
tz£>. iPX<7)te^raatc^L-C«IEfi:5r-^W{C^: 

[0007] r ^p^(D@W(4, rroj; 9^5(5 

OltS^«*L. ^3&^PX&{*<7>TTt>il5ftS# 
APX^Pf T't 5 X^«cOf??.^{iffiE^g^^i-5 

[0 0 0 8] 

[^MSr»«:i-5fcfe<7)^] ^(Ofzib, *3S91«OXf£ 
Siao{®[R] i: ?aiS^{k(73BtP46<jSi@roM[6] £ ^Mch^L. 

< ^s^fi^taafciwas^b^ftt^^v^fiwfa 
s^^aji-5-»w?a^ttj^®t, s^e-5«-a*px^ 

WZb t-MfB-*i-(73ra^m#ST-^m^ix5 2g|tf£co 

Bfif2?as^ttj^T-^m 2 gi5fec»?agM^*j- 
&mi^frmm<Dm^i<LZffijETzffijEmft^&b. z 

[0 0 0 9] 

[f^ffl] ^fe, ^coAPX^rtl-^flooffilEx- 
^^-^/i-Sr^Lrt5< 0 0iJxtt\ y--7> htf&5 

wApx^^tT^ct3v^T. -*f(D?as^tti#g(c<torx 
^^ttro^feoj^nit^s^^s 2^io?as^^tts 

-T5o Iftfttli, ^W4M<75^<iS©B#P B 1^Si©i7)M 

(Si t WLgtmtcomfflttmmcDMfa b ^mh^f l < & sgu 
&<o?a^fcj;t>*?as^t;^g ; t,'>^^gi5{5irofas^t±i 

LT, (Si?a^<0?aS^T-*C5#!i^{3:^tiEi- 
SMX^-^^^-ra^Mt-JtJ^Lr^ ^^o. #apx^ 
r:t{ciate$-fr-c*3<o ^^tc^-^^pxi-^^, « 

^^-^uco^^^^a^m^r-^tti^^s 2^(75 



3 

[0 0 10] 

xf^aw-cfcsp^^^-v^-fev^ (jesapx 

1) It, ttE*fT*«***a»NCS«2i:, S/-- Jr io 

TOD— ttCDf&a&fcti-tr^l^ A, 4Bt, ^CO— *t<7>ffl 
J:tWPX*#*^^fe*attJR*ffitiE^-^**», 

tl/^ 0 20 

[0011] HffiSPW^v^^V^-feV^ (ftRBfrH 
2 fd^i^Q < , -<-^i (xtt) 

?:^A//cfS] v (H!j{C AZl^^t^f^ — tt<7}=* 7^1 3 A, 1 3B 
t, Z-<DW\M(D^"7J± 1 3 A, 1 3 BffflKJiT*!^* 
l$liffi{CRtt6;IXfc^ /VI 4 i:, ^ (7)^ a ^ U 

-/H4 0f^ (YW) (CffioT^Kgffi^ttb 

*Lfc£MH l 5 i * :(Oi(W(i5i:lT*fii (z«i) 

fc:»Jft affile* 19 WW- 6>ixA»ortSBlc*5p*r * y ^-^ 
Vh±il7 ttt57?^yh 1 8 i^6«*S 
Htl/^o ftulS^^^A 1 3 A, 13BCI1 ±ttSSl 

7A1 3 A, 1 3 Bfcj&^Sftffi&'^V^S-frSfc* 

o^7Vx^y y^HA, 19 B^^tt-etuKftbtt 

[0 0 1 2] Su|5->Pj-CD?aS^tbir>1^4 A, 4 B (O ? 
jSl(DjU[»(tltyt4Alt ««ittfit^ffi 

a««r*lM£*aUEi:L-C*Oab. m2<DU 
S^tti-feyt4Bli, P^-v^^v^-lrv^ 1 <E>Sfc?fi 
a£ffcj&s*W^SMfi^ ::m ^7iM3A^TSS 

[0 0 13] ffi^T*— *&33£iE5te, CPU 5 1 , fti 



WBH¥6 - 2 2 6 5 9 0 



^52, ^— tK— K54, f^^^5 5jo,]:t;2o(7) 

I/O 5 6, 5 7 ft if Sr^fro CPU4i(t 

/O 5 6tettlMr1BS'— ^>f*3^, SiJfE I /O 5 7 tC« 

tlX^5 0 Sfc* (MB^— Y"f<<*9 5 2 031: 

If-^f-^TBi. TBz. TB3.TB4. TBs 

TBn ^|Btft$tLTV^5o 0»Jx.*i, APX17 — ^ AtCOV^ 

sp, AAIM {7 9 yf* > ^0° co^p 

I^ttTt^IiEf-^ f-^/H B 1 , #PX!7 — ^ A 

AAl^jg^o 0 co^px^T-COffiiEx — 
^r-^TB 2 , A0X17 — 9 A[:o^T, 
*s*£ (K9>f) , «[ffl*l*©S5»*«It<0/HlX*#T-C 
^)IIEf-^r-^TB3 . ttX7-^ACoV^T, 

[0 0 14] ::T% ffiZEx — ^T 1 — ^UBi, TBz. 

TB3.TB4. TBs TBn OfPrictt, fc^Sxle: <fc 

otlT^o BWOjPX17-^^JnXjfe«=*if*r-a' 

-ct ^ct ifttfjBJffl^o^^ASrf^jai-s. ::r% m 
iS^tt*3J:V*^tt(c:ov^TX, Y, zftMjfa^ft: 

J:5*^9 7Srf^ric-r5o ^<oVyy<DU&m (Hi 

Sjaa«-*2jaijs^jaft) ^-^mjas-eoT*— 
*SrXK. x, y, zttco- : E:i^-? p n^eov^-c^aae±# 

m 2 < t:^^±^-0#^^o^a*iE7 :? -^«- 2 5 

S<OiiEf-^r-^/HBi. TBz, TB3 f T B4. TB 

5 TBn Sr^"TS:i:dS-C#5 0 

[0 0 15] fiiJlE^-ffiXx — ^ f-^/WT B 1 . TBz. T 
B3JB4. TBs TBn Or- 9it. mSlzMTfrt 

WE^^y^iaft (°C) . fii!X««]Ei/7 hft 

(m) , MYttiiEv'7 ha ( M ) , mm.zmmiEis 

7 h& (u) s *¥XW^jEv-7 ha ( M ) , 7K¥Y$di 
*jEV7 hii ( M ) , *5FZ«|«jES/7 hfi (m) . M 
jEV7 h*i]Wfffl:i*?a« (°C) . h«»r*4giaaE 
(°C) *»6*6. iiE^hftlt fflfi** 



ftKM (°C) , SitX«HBLS±#fl!HgiEfl[ 
(/i) . SltYMtULhJMMMjEfl; U) * SffizWm 

[0 0 16] *H««(Of^fflS:RW-t-So 
<r>nm&Wft&in'^— Yt4*9 5 2(cA^^tL^ 0 ^ 

lEx — P'T — y/UT Bi. TBz, TB3 r TB4. TBs 

TBn <D#frt>s rft&<DttXft#K**Lfc«jE?*-- 

[0 0 17] ifc, — *tO»Kt*tH-fe>'1^4 A, 4B^ 

koj&ttimS-T*— 1/05 T^I^tCPUS l tc 

&m (*i«S/Sja«-*2MSjSa*) sr*mu ftu 
^7i^^M^m-r^«iE7 :f --^^iitR-r^ 0 rot 

NC^B2(i, ««Jfi*JHjftffi««:*|jE^--^»« 

[00 18] fi£oT, #Mfc«tcJ:tbtf % **5#WSP 

^HtMi^lEf-^f-^TBi. TB 2 . T 

B3JB4. TBs TBn SrffrSU r*L«r^— Kf 

5 2rttCfBtt$i^-C*3# > ^(-57-^Sr^PX-r 

ffi»ft*PXS:«Wi-S r £ ^T'# So 
[0019] Jnxy — *<z>«9K ^ — =7^y<D^ 
h/K7^) . ffiffl±«<o35» (fiat/* 



(4) 1#i¥6- 2 2 6 5 9 0 



¥) *5cfcU<AA I ^^^^T^T^fficoAPX^i^TT'COM 
TB2.TB3JB4.TB5 TBn £f&t§£it£<i: 0 

[0020] 4*$, *»Wtt, ±is**«ij-e3zfi-<fc«^ 

CStot, AA I ^I^DI^Mi t LtllEf- 
pT-zfMzmmLtiTbK AAlM^J:S«IEr-^ 

fi, fcS^DIiftTm^AAIftS^O 0 <Dk%<D 

rtb^rS2pirLr, l!|R(7)AAIftSlC±oT*IIE«* 
20 (6] coffix^- # STtW-C** S J: 5 »c UT t ± I \ 

[0 0 2 1] ±|B*16«-ett:, *PX*f*S:ft«)5 

Si^tt, ^PXy-^OffiglJ, ?~7>h<D^m {*? 

l5AAI^*S:*»ffc^ aPX*fl=S:*A5B3l|-ca>*L 

4B[aoT^7Al 3 A(OT«»«>«*S:«2a!J«jR 

30 «tv\ a»^jpx^y KSrW-t"5««o«^, * 

b*Srtttl:aRt5 J: 5 LT fc J: v\ 
[0 0 2 2] 

r-^ffifl, rn^co + ^^^JPX^^ifcL/c 
J:5^LTS>5^e>, #WWX*fl=T-Ct!B»*ftfllX 

[mi] *»w<o««*iBfflLfc*px^^yA^ff* 

so [1214] f^±^^J(7)tt]Ev :f -^x--y^^^^5^ 
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[17] l^i^Jgfiaj^ffliE^-^ f-^/U©^-?*^ 
[H8] n±3B»«^*|IE^7 hft*rRW*-*fc»^H 



1 P^^V^Vi/irV* (If£««) 

2 NC^E (»]E*fT¥Bk) 

4 a, 4B jajK*a-fe^ (?as«tm#a) 

5 1 CPU (*iE^-^S^¥^) 

5 3 RAM tidE^— ^SrtEfSLfc**!/ ) 

TBi. TBz. TB 3 ,TB4. TBs TB n tilEx — 

— 7 sl- 
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15. 2.-10,-35. 37. -8.-30. 30, 14, 10 

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0 

2, 23,-12. 0. 0. 0, 0. 8, 10, 0. 8. 10. 0 

4. 37. -4, 11. 0. -4. 11. 9. 14. 11. 9. 14. 11 

6, 50, -6. 30. 0. -6. 30. 20, 22. 30. 20, 22. 30 

8. 55. -6. 50. 40. -6. 50. 28. 24. 50. 28. 24. 50 

10. 62. -8. 64. 58. -8. 64. 32. 24. 64, 32. 24. 64 

12. 73. -10. 76. 73. -10. 78. 32. 23. 78. 32, 23. 76 

14. 88.-14. 92. 82.-16,114. 32. 22. 92. 27. 18.114 

15. 90.-14. 96. 83.-15.116. 30. 21. 96. 27. 18, 116 
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